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Claims 

1 . A test system for integrated circuit element package unit characterized by the 
following facts: in a package unit carrying and connecting multiple integrated circuit elements 
including an integrated circuit element X, which has unknown detailed configuration of the 
internal logic circuit and can operate depending on the input/output data of external terminals, to 
realize a higher logic circuit unit, 

there are multiple flip-flops corresponding to each signal input/output terminal of the 
higher element X and a selecting means that scans in/out the input and output signals of the 
flip-flops using an address system; the aforementioned flip-flops comprise multiple flip-flops A, 
which cut off the input signal sent from the circuit in the previous stage to be applied to element 
X and the gate means for scan in/out equipped by each flip-flop, apply the input signal to their 
own data input, and relay and connect the positive output to the aforementioned input terminal of 
element X, and multiple flip-flops B, which cut off the output connection from element X to the 
circuit in the next stage, apply the output to their own data input, and relay and connect the 
positive output to the aforementioned circuit in the next stage; the test device tests the package 
unit using the following steps: in the first test step, the first test data is applied to the input 
terminal of the package unit, and the output data obtained by scanning out flip-flops A by the 
selecting means and/or the output data obtained at the output terminal of the package unit is 
compared with the first expected data retained in the test device; in the second test step, 
flip-flops A are selected by the selecting means, and the output data obtained by scanning in the 
second test data corresponding to the unit test data of element X and scanning out flip-flops B is 
compared with the corresponding second expected data; in the third test step, flip-flops B are 
selected by the selecting means, the third test data is scanned in, and the output data obtained at 
the output terminal of the package unit and/or by scanning out flip-flops A is compared with the 
third expected data. 

2. A test system for integrated circuit element package unit characterized by the 
following facts: in a package unit carrying and connecting multiple integrated circuit elements 
including an integrated circuit element X, which has an unknown detailed configuration of the 
internal logic circuit and can operate depending on the input/output data of external terminals, to 
realize a higher logic circuit unit, 

there is a short/cutoff means switch means corresponding to each input/output terminal of 
element X; 

the test device tests the package unit using the following steps: in the first test step, with 
the switch means set to the cutoff mode, the first test data is applied to the input terminal of the 
package unit, and the output of the switch means corresponding to the input of element X and/or 
the output data obtained at the output terminal of the package unit is compared with the first 



expected data retained in this device; in the second test step, the second test data corresponding 
to the unit test data of element X is applied from the switch means corresponding to the input of 
element X and compared with the second expected data; in the third test step, the third test data 
are applied from the other end of the switch means corresponding to the output of the second test 
step and compared with the output data obtained at the output terminal of the package unit and/or 
the output data obtained by the switch means in the first test step. 

Detailed explanation of the invention 
Industrial application field 

The present invention pertains to a test system for higher package unit carrying many 
integrated semiconductor circuit elements. 

Technical background 

In recent years, as a result of the development of semiconductor technologies, especially, 
integration technology and circuit design technology, large-scale integrated circuits (LSIs) 
carrying many circuit elements in one package can be provided at low cost. Conventionally, a 
logic circuit used for data processing is constituted by connecting NAND gates, OR gates, or 
other combinatorial circuit elements together with latches, registers, flip-flops (FFs), or other 
sequential circuits formed by multiple combinatorial circuits. The logic circuits in a data 
processing device, such as a central processing unit (CPU), are also formed by integrating 
combinatorial circuit and sequential circuits. In the past when the integration level was not very 
high, a higher function could be realized by mounting many small-scale integrated circuits (SSIs) 
or medium-scale integrated circuits (MSIs), which realize their basic functions by combining a 
small number of the same type of combinatorial circuits and/or sequential circuits or a small 
number of circuit elements on an intermediate package unit, such as a printed wiring board. Even 
higher logic functions could be realized by adopting a stacked unit configuration using, for 
example, a back panel wiring board having many of the aforementioned package units connected 
in parallel. As the integration level increased, for each printed wiring board or even circuit 
configuration scale of the stack unit level in the conventional package unit, it became possible to 
provide microprocessors (MPUs) or other small, lightweight single-package LSIs with 
large-scale and complex logic circuits at low cost. In addition, desired LSIs, such as master/slave 
LSIs, can be provided in a short time based on user specifications. 

Prior art and problems to be solved by the invention 

The aforementioned improvement of the integration level has supported development of 
the data processing technology by providing small, lightweight, and highly-reliable circuits with 
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high logic function levels at low cost. This, however, has brought on complicated and difficult 
conditions due to various types of tests for the intermediate package units used by LSI devices. 
Conventionally, since it is easy to grasp the logic configuration of SSI or MSI or a combination 
thereof, test data can be formed in a relatively simple manner, and not a lot of testing is required. 
Along with the advent of LS I and its development, the development of adequate test techniques 
has increased significantly due to the increased number of product types, which depend, in turn, 
on the number of incorporated logic circuits and different combinations. Compared with SSI or 
MSI, the number of the external connection terminals (pins) for LSI is strictly restricted by the 
external dimensions and the wring density. Therefore, for a conventional SSI or MSI device, it is 
only necessary to incorporate the parts corresponding to the pins in the package unit in the 
completion stage. For LSI, however, although functional operation is possible depending on the 
signal values input/output to/from the pins, the action of the internal logic circuits cannot be fully 
ascertained. This is known as the black-box phenomenon. This phenomenon will cause serious 
problems when an LSI device produced by a manufacturer with an unknown configuration of the 
internal logic circuit is used to generate test data to be generally applied in order to obtain certain 
results. Consequently, for a package unit with a circuit configuration including an LSI (X) with 
unknown internal logic circuit, it is undesired to use the input/output terminals of, for example, 
the connectors of the package unit and the pin high-speed logic circuits of the LSI (X) by a test 
device when LSI (X) is removed. However, after the LSI (X) is mounted in a socket, a 
comparison test can be conducted using the test data prepared with the terminals of the socket 
used as the objects when LSI (X) is removed from the socket. When the LSI (X) is mounted, the 
output of the LSI (X) and the logic data output through logic circuits, such as SSI or MSI, 
connected to this output can be handled as variables. Consequently, the LSI (X) at the unit level 
can be guaranteed depending on a unit test carried out when the inputs are applied to the LSI (X). 
Also, test data can be prepared for other SSI and MSI other SSI and MSI [sic] as well as the part 
related to the LSI, whose internal logic circuit configuration can be ascertained, in the package 
unit except for the LSI (X). After the test data are input, the obtained output signal can be 
compared with the expected data. However, since no test can be conducted in the form including 
the wiring resistance/impedance or inter-lead capacitance on the printed wiring board in the 
package unit when the LSI (X) is included, the reliability of the package unit is in question. In 
addition, since LSI (X) is usually soldered in actual situations, it is difficult to carry out the test 
as described above. Even if the logic circuit configuration of the SSI-LSI mounted on a package 
unit can be ascertained, there are a large number of combinatorial circuits and sequential circuit 
elements in the package unit used as the test object. In order to conduct a comprehensive test 
using only the input/output terminals of the package unit, the work for preparing the test data is 
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unrealisticaJIy large and is difficult to realize or exceeds the scale of the test device prepared. As 
a result, it might not be able to carry out the test. 

Objective of the invention 

The objective of the present invention is to solve the problems in the aforementioned test 
of package unit by providing a test system for integrated circuit element package unit with the 
following features. In a test conducted for a package unit, the LSI (X) is cut off from electronic 
signals while it is mounted on the package unit, and the test is carried out in the same way as 
described in the conventional technology for the parts except for the LSI (X). For the LSI (X), a 
unit test that can be realized in a manner similar to the application state is carried out by using 
unit test data when the LSI (X) is mounted on the package unit. By dividing the process of 
preparing the test data and conducting the test into several steps, compared with the test 
performed for a package unit at one time, the test work, including generation of the test data, can 
be reduced by 1/9 if the work can be reduced by the square root and the process can be divided 
into 3 steps; or reduced by 1/27 if the work can be reduced by the cube root and the process can 
be divided into 3 steps. 

Constitution of the invention 

In order to realize the aforementioned objective, the present invention provides a test 
system for integrated circuit element package unit characterized by the following facts: in a 
package unit carrying and connecting multiple integrated circuit elements including an integrated 
circuit element X, which has unknown detailed configuration of the internal logic circuit and can 
operate depending on the input/output data of external terminals, to realize a higher logic circuit 
unit, 

there are multiple flip-flops corresponding to each signal input/output terminal of the 
higher element X and a selecting means that scans in/out the input and output signals of the 
flip-flops using an address system; the aforementioned flip-flops comprise multiple flip-flops A, 
which cut off the input signal sent from the circuit in the previous stage to be applied to element 
X and the gate means for scan in/out equipped by each flip-flop, apply the input signal to their 
own data input, and relay and connect the positive output to the aforementioned input terminal of 
element X, and multiple flip-flops B, which cut off the output connection from element X to the 
circuit in the next stage, apply the output to their own data input, and relay and connect the 
positive output to the aforementioned circuit in the next stage; the test device tests the package 
unit using the following steps: in the first test step, the first test data is applied to the input 
terminal of the package unit, and the output data obtained by scanning out flip-flops A by the 
selecting means and/or the output data obtained at the output terminal of the package unit is 
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compared with the first expected data retained in the test device; in the second test step, 
flip-flops A are selected hy the selecting means, and the output data obtained by scanning in the 
second test data corresponding to the unit test data of element X and scanning out flip-flops B is 
compared with the corresponding second expected data; in the third test step, flip-flops B are 
selected by the selecting means, the third test data is scanned in, and the output data obtained at 
the output terminal of the package unit and/or by scanning out flip-flops A is compared with the 
third expected data. 

Application example 

In the following, an application example of the present invention will be explained with 
reference to the figures. Figure 1 is a block diagram illustrating the test system for an integrated 
circuit element package unit in an application example of the present invention. Figure 2 is a 
block diagram illustrating an example of the flip-flop used for scanning out. Figure 3 is a block 
diagram illustrating the test system for integrated circuit element package unit in another 
application example of the present invention. In the figures, (10), (10a) represent test devices; 
(1 1), (1 la) represent memory unit; (20), (20a) represent package units; (21), (21a) represent 
input/output connecting units; (22aa, ab, ac ... ap, ba, bb... bs) represent integrated circuits 
(ICs); (23aa, ab, . . . aq, ba, bb. . . br) represent flip-flop A, B groups (FF A , FF B ); (24) represents a 
large-scale integrated circuit element X (LSI (X)), which has unknown detailed configuration of 
the internal logic circuit and can operate depending on the input/output data of external 
terminals; (25) represents an address decoder; (26) represents an OR gate (OR); (27aa, ab... am, 
ba, bb... bm, ca, cb... cn, da, db... dn represent connecting pins. In the configuration shown in 
Figure 1, test device (10) tests package unit (20) by sending test data including control program, 
control data, and various types of expected data stored in memory (11) via input/output 
connecting units (21), (21a) and comparing the output signal obtained from package unit (20) 
with the expected data. Although connection is omitted from the figures for the power supply, 
ground, and clocks that are common to the configurations shown in Figures 1 and 3, essential 
clocks are applied to IC (22aa-bs), FF A (23aa-aq), FF B (23ba-br), and LSI (x) (24), respectively. 
Although IC (22aa-bs) shown in the figures have the same shape, they can be SSI, MSI, or LSI 
whose internal logic circuit configuration can be ascertained. Input/output connecting unit (21) 
acts as the connecting means for input/output signals in the package unit (20) during operation of 
the system. They usually include connectors, card pins, card edges, and their sockets. 
Input/output connecting unit (21a) is the connecting means for the signals that are input/output 
only during the test. It may have the same configuration as input/output connecting unit (21) or 
can be shared if there is any extra space in input/output connecting unit (21). The input/output 
terminals of input/output connecting unit (21a) can be set to special levels as required during the 
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system operation. An example of the configuration of FF A (23aa-aq), FF B (23ba-br) is shown in 
Figure 2. It is an FF depending on current mode logic and equipped with a gate for scan in/out. 
Its properties and characteristics are common. Also, all of the signal input/output terminals of 
LSI (X) can be connected to any of the corresponding FF A , FF B . FF A and FF B are simply 
distinguished from each other depending on the group separation in the test procedure. Also, the 
OR/NOR shown in Figure 2 acts like OR, NOR gates. It acts like an OR, NOR when it is used as 
the other circuit. Therefore, the circuit connection is the same. Also, CK-DV represents a clock 
driver. It is usually shared when driving multiple FFs. C-DOT represents a collector dot [sic]. In 
addition, D represents data input, CLK represents a clock, SET represents a set input, 
SCAN-ADD represents a scan address signal. Decoder (25), which receives address signal 
(ADD) output by test device (1) during scan in/out, decodesADD, selectsone flip-flop from FF A 
(23aa-aq), FF B (23ba-br) according to scan address signal (SCAN- ADD), andjipplje^ 
data (SC^ or selects one flip-flop from FF A (23aa-aq), FF B (23ba-bs) 

and sends the scan out data (SCAN-OUT) retained by that FF to test device (1) via OR gate (26) 
and input/output connecting unit (21a). Test device (1) tests package^^ said 
scan-out with the expected data stored in memory unit (1 1). If all of FF a .b have the current mode 
logic (CML) configuration shown in Figure 2, OR gate (26) can be omitted by performing line 
concentration with wired OR. In the example shown, selection of FF A B is 2-bit selection by 
decoder (25). However, any number of bits can be selected. In the example shown in Figure 2, 
the flip-flop is selected when 0, 0 is applied. Because of the aforementioned configuration, in this 
application example, test device (10) tests package unit (20) in three steps. In the first step, test 
device (1) applies the first test data with IC (22aa-ap) used as the objects. The data input and 
retained from the data input D of direct input/output connecting unit (21) and/or FF A (23aa-aq) is 
selected by decoder (25), and thejes^ (26) juid input/output connecting 

unit (21a) is compared with the first expected data. 

In the second step, with LSI (X) (24) as the object, test device (1) selects FF A (23aa-ap) 
one by one via decoder (25). The second test data is applied from input/output connecting unit 
(21a) and is input as SCAN-IN to LSI (X) (24). Then, the test device selects FF B (23ba-br) one 
by one via decoder (25). SCAN-OUT, is obtained from input/output connecting unit (2 1 a) and 
compared^with. the second expected data. 

In the third step, with IC (22ba-bs) used as the objects, test device (1) selects FF B 
(23ba-br) one by one via decoder (25). The third test data is applied from input/output 
connecting unit (21a). SCAN-IN is from IC (22ba-bs). The data input and retained from direct 
input/output connecting unit (21) and/or the data input D of FF A (23aa-aq) is selected by decoder 
(25). The result^^ is compared with the third 

expecteddata. In regular operation, since the signal applied to the D of FF A (23aa-aq), FF B 
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(23ba-br) is input/output to LSI (X) via its positive output Q, there will be no problem. As 
described above, in the test of package unit (20), with the LSI (X) mounted on the package unit, 
the test can be carried out with the peripheral circuit maintained in the same conditions as those 
during the system operation. There is also no need to change the conditions of the assembly state 
of LSI (X). Also, since the unit test data can be used for the second test and the expected data, 
there is no problem with preparing the test data. More preferably, since the test can be divided 
into several steps, the test process is divided into steps including generation of the test data. As a 
result, the test work can be reduced in proportion to the combination of the number of basic 
elements, which is reduced by the square root to the cube root. In this way, a highly realizable 
test system is obtained. In this application example, the second of the three steps uses LSI (X) as 
the object. However, if the scale of package unit (20) is too large and it is difficult to conduct the 
test due to the amount of test data or the capabilities of test device (1), it is possible to insert a FF 
constituted with elements having a switching speed at the same level as the semiconductor 
elements that constitute other logic circuits both before and after [sic; omission in original text]. 
In this way, compared with the original circuit, since two extra clocks are added during the 
system operation, the logic design should also be adjusted. However, a divided test can be 
realized using the same method by dividing the contents of package unit (20) into multiple 
groups. If necessary, input/output connecting units (21), (21a) can also be realized as peripheral 
interface adapter (PIA) that is fully or partially electronic. 

In the following, another application example will be explained with reference to 
Figure 3. In Figure 3, the elements represented by the same symbols in Figure 1 have the 
common properties and characteristics as the conventional elements. In this case, division of 
package unit (20a) into three parts is realized by jumper wires. During the system operation, all 
of the connecting terminals (27aa-27ba), (27ab-27bb), ... (27am-27bm), (27ca-27da), 
(27cb-27db)... (27cn-27dn) are shorted by jumper wires or digital switches (omitted from the 
figure). At that time, the connecting wires from test device (10a) to (27aa-dn) are eliminated. 

During a test, the connection realized by the jumper wires, etc. after the aforementioned 
connection pins (27aa-27ba) is eliminated. For each of the three divided parts, test device (10a) 
carries out the test in the same three steps described in the previous application example by using 
the program and data stored in memory unit (11a). In the first step, test device (10a) inputs the 
first test data from input/output connecting unit (21), and the result obtained from IC (22aa-ap) is 
compared with the first expected data obtained from input/output connecting unit (21) and/or 
connecting pins (27aa-am). In the second step, similarly, the second test data is input from 
connecting pins (27ba-bm), and the result obtained from LSI (X) (24) is compared with the 
second expected data obtained from connecting pins (27ca-cn). In the third step, the third test 
data is input from connecting pins (27da~dn), and the results from IC (22ba-bs) are compared 
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with the third expected data obtained from input/output connecting unit (21) and/or connecting 
pins (27aa-am), In this application example, the jumper wires must be removed during the testing 
of package unit (20a). It is also necessary to form a connection between package unit (10a) and 
connection pins (27aa-cn) as well as install jumper wires for a qualified product after the test. 
However, package unit (10a) can be easily tested in the same way as described in the previous 
application example without using a FF for scan in/out. In particular, in low-speed application 
field, compared with the FF insertion method described in the previous example, this method is 
useful and suitable for the case in which there is little influence of the direct connection to test 
device (10a) by connecting pins (27aa-cn) with no significant delay. This method is also suitable 
for the case in which it is difficult to carry out a test because the test scale exceeds the 
capabilities of test device (10a). By using this method, the testing of package unit (10a) can be 
realized. In the aforementioned application examples, a printed wiring board level is assumed for 
package units (10), (10a). However, the same effect can be achieved for other package forms. 

Effect of the invention 

As explained above, according to the present invention, a package unit used as a test 
object can be divided and tested easily by using connecting pins or a scan in/out means realized 
by a FF in the case when the package unit has an LSI (X) with unknown configuration of internal 
logic circuit or when the test is difficult to carry out because of its exceedingly large scale. 

Brief description of the figures 

Figure 1 is a block diagram illustrating the test system for integrated circuit element 
package unit in an application example of the present invention. Figure 2 is a block diagram 
illustrating an example of the flip-flop used for scanning out. Figure 3 is a block diagram 
illustrating the test system for integrated circuit element package unit in another application 
example of the present invention. In the figures, (10), (10a) represent test devices; (20), (20a) 
represent package units; (21), (21a) represent input/output connecting units; (22aa-bs) represent 
integrated circuits (IC); (23aa-br) represent flip-flop A group (FF A ); (23ba-br) represent 
flip-flops B group (FFb); (24) represents a large-scale integrated circuit element (LSI (X)), which 
has unknown detailed configuration of the internal logic circuit; (25) represents an address 
decoder; (26) represents an OR gate (OR); and (27aa-dn) represent connecting pins. 
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